In this work, layered perovskite SBN was investigated in a new doped form for hole as well as electron transport layer (HTL/ETL) in perovskite solar cells. This work was targeted to conclude the effect of tin doping in lanthanum-bismuth layer SBN on optical energy band gap besides dominant electron-hole transportation to assist in perovskite solar cell applications. Thoroughly hard ball-milled compositions 0.01, 0.03, 0.05, 0.1 and 0.2
Introduction
In recent years, perovskites (ABX3; X-oxides and halides) have emerged as multitasking materials not only limited to conventional ferroelectric and piezoelectric applications but also like promising pyroelectric and solar cell's hole transport medium (HTM) [1-6] as well. Many researchers have highlighted the successful utilization of lattice strain sensitive perovskite materials into solar cells with high power conversion efficiency (PCE) ~ 22.1% [5] [6] [7] . O'Regan and Grätzel [7] have developed a prototype of low cost perovskite solar cells by modifying large surface area of nanocrystalline TiO2 films through dye. This photo electrochemical version of solar cell prototype suffer with problems like charge leakage in liquid electrolyte. They propose the solution by using nano crystalline TiO2 films containing pores of sizes 5-50nm and capacity to act as hole transport layer (HTL). There is no difference between liquid electrolyte based dye-sensitized solar cells and TiO2 based dye-sensitized solar cells other than interrupted direct contact between transparent conducting oxide (TCO) layer and hole transporting medium (HTM). The spiro-MeOTAD is preferred for drop casting on nanocrystalline TiO2 layer enabling heterojunction formation to generate photocurrent. Current work is targeted to prepare mesoporous bismuth-lanthanum layered perovskite Sr1-xSnxBi1.95La0.05Nb2O9 (SSBLN) semiconducting layers working like HTL as well as ETL in conjugation with suitable dye for offering remarkably high PCE. These bismuth layered Aurivillius materials have attracted researchers [8] , structural distortions sensitive dielectric, ferroelectric and spectroscopic response driving multitasking in these materials. The vulnerability of bismuth oxide layer at high working temperatures above 825 o C is the main cause of restricted use of Aurivillius materials. The loss of bismuth oxide releases c-axis strain and renders almost no control of bismuth oxide layer over perovskite octahedrons. Researchers [9] have attempted various trials like hydrogen bonding in perovskite halides, using toxic lead as dopant in perovskite oxides to increase modulus of electric polarization at the cost of unaltered c-axis lattice strain. We target in present work to prepare a novel tin-doped lanthanum controlled bismuth layer SrBi2Nb2O9 (SBN). The proposed composition is Sr1-xSnxBi1.95La0.05Nb2O9 (SSBLN) where after number of trials doping lanthanum onto bismuth sites by 5% was found optimum for checking mixture weight loss up to 1000 o C due to bismuth oxide evaporation. In present work, p-orbital Sn 2+ is substituted in place of s-orbital Sr 2+ to generate more polarity in the crystal system besides converting conventionally known insulating behavior into semiconducting for potential photovoltaic applications. The prepared mesoporous SSBLN compositions are characterized for smooth migration of charges among grains without being perturbed by capacitive grain boundaries and electrode-material interface along with expected increased in optical absorption and Hall mobility for perovskite solar cell applications.
Experimental procedure
Reagent-grade oxide and carbonate powders of SrCO3, SnO, Bi2O3, La2O3 and Nb2O5 (all from Sigma-Aldrich with purity > 99.99 %) were used as the starting materials to prepare desired Sr1-xSnxBi1.95La0.05Nb2O9 (SSBLN) ceramic compositions. The stoichiometric proportions of these powders were taken for dry milling up to 6h, 12h and 20h in a planetary ball mill Retsch PM200
using hard tungsten carbide balls of diameter 5mm (the ball to powder mass ratio was 8:1). The C/min to minimize density gradients. For this purpose, a microwave furnace operating at 2.45GHz frequency based on a pair of magnetrons consuming power 2.2KW was used. The crystal structure of each sample was investigated by X-ray diffraction (XRD) using CuKα radiation (D8 Advance, Bruker, Germany), in the 2θ range of 10-80 o (step increment-0.02 o with a time duration of 2sec/step). Nano particle size formation in ball-milled SSBLN compositions was investigated using competent transmission electron microscopy (TEM). For this purpose, typical (x=0.0 and 0.2) doped SSBLN composition pellets were crushed and converted powders were used for investigating crystallinity and particle size. TEM images were taken using the Carl Zeiss make LIBRA 200FE high resolution TEM with information limit of 0.13nm equipped with EDS andit operated at 200 kV. Optical energy band gap for each modified SSBLN composition was calculated using Tauc plots. These plots were derived using UV-Vis diffuse absorption spectra measured in an integral sphere mode using spectrophotometer SHIMADZU UV-Vis 3700. For reflecting incident radiations BaSO4 was used as a medium co-mixed with each modified SBN composition. Oxidation-reduction analysis was carried using cyclic voltammetry 
Results and discussion
All SSBLN composition powders milled up to 20 hours are uniaxially pressed at 120MPa into circular discs and sintered using microwaves at 1000 In principle, such an absorption occurs due to change in the bond's dipole moment and due to which the typical bond absorbs infrared energy at certain frequency corresponding to its natural frequency of the vibration. Fig.3 shows the IR spectra of tin-doped SSBLN ceramics recorded in the wave number range from 500 to 4000 cm -1 .
The spectrums for all samples are identical in nature suggesting that a) the expected double occupancy of Sn 2+ at sites of Sr 2+ in the SSBLN system is successful and b) it preserves the parent 
Fig. 4 Dielectric dispersion of tin-doped SSBLN compositions.
Tin as dopant is observed to increase the dielectric constant ( ′ ) of SSBLN compositions in a systematic manner for doping concentrations multiple of 5% (5, 10, 20) . However, there was no analogy observed for 1% and 3% doped samples. The reason for irregular variation of dielectric constant/loss values for these samples could be the minimum unit cell change on doping [18] [19] .
Overall increase in ′ -values for all tin-doped samples compared to the undoped one is due to the presence of more polar covalent tin at the site of ionic-bonded strontium. This can also be seen in all dispersion curves of Fig.4 where orientation polarization plateau [20] arcs on real impedance axis yield bulk resistance of typical tin-doped compositions. These single arcs represent single conduction mechanism in the material arising from grains rather than grain boundary and grain-electrode interface. These semicircular arcs shift towards high impedance values with increase in tin content (x) that is in accordance with discussions on Fig.5 . This is interesting to notice that tin doping reinforces insulating covalent character rather than metallic one in SSBLN compositions. Nyquist plots as shown in Fig.6 have depression degree nearly on or slightly above the abscissa axis indicating non-ideal Debye formalism expected in most heterogeneous dielectrics [15, [23] [24] [25] . In current SSBLN materials, atomic stoichiometric homogeneity is comparatively higher due to lanthanum controlled bismuth oxide evaporation than earlier reported SBN compositions prepared using other solid-state routes [26] . The p-orbital electrons of Sn 2+ in the SSBLN system facilitate the quick electron transfer at electrode-electrolyte interface. This improved C-V behaviour of GCE/SSBLN20 sample compared to undoped SSBLN is also an indicative of increased electrical conductivity of tin-doped samples besides having limited redox sources [30] [31] .
Due to opaque nature of the SBN ceramics, the diffuse absorption spectra is used to observe the change in the optical energy band gap of SSBLN ceramics in an integrating sphere mode of UVvis spectrophotometer, Fig.9 . The spectra contain significant optical band gap transition for the visible light absorption [32] . The Kubelka-Munk (K-M) function is used for computing band gap values for all samples: ℎ = (ℎ − )1/ , where α, h, , E and are the absorption coefficient, Planck's constant, frequency of light, band gap energy and a constant respectively (ndetermines the transition feature in the semiconductor materials) [33] . The direct band gap is calculated by plotting ( ℎ ) 2 versus ℎ as shown in inset of Fig.9 [34] . The values of regularly decreasing optical energy band gap with increase in tin content (x) are listed in Table- 2. This confirms the 5p-orbital tin contributing for lowering the conduction band edge and transforms Regularly decreasing optical energy band gap provides motivation of further study for perovskite photovoltaic applications using current SSBLN compositions. Recently many researchers [35] [36] have highlighted the use of perovskite oxides like TiO2 and NiOx for electron and hole transport layers (ETL-HTL). All reports indicate about importance of transport properties of semiconducting wafers under investigation and van der Pauw (vdP) method for this purpose. Therefore, room temperature Hall effect is investigated in a few randomly chosen SSBLN thin (0.5mm) pellets using van der Pauw (vdP) setup, Fig.10 . The measurments are recorded at fixed magnetic field of 500 Gauss by decreasing current across two diagonally arranged perimeter contacts from 10 mA to 0.5mA. The other two diagonal arranged contacts are used for recording Hall voltage. First the Hall cofficient and later carrier mobility is calculated using composition dependent variation of Hall voltage, Table- 
Conclusions
Thorough ball milling along with unique microwave sintering yields nano particle driven grains 
